I find a topological arrangement of stocks traded in a financial market which has associated a meaningful economic taxonomy. The topological space is a graph connecting the stocks of the portfolio analyzed. The graph is obtained starting from the matrix of correlation coefficient computed between all pairs of stocks of the portfolio by considering the synchronous time evolution of the difference of the logarithm of daily stock price. The hierarchical tree of the subdominant ultrametric space associated with the graph provides information useful to investigate the number and nature of the common economic factors affecting the time evolution of logarithm of price of well defined groups of stocks.
his arbitrage pricing theory model [2] . Since its introduction, the problem of the number and nature of common economic factors has been a considerable controversial issue. On the side of modeling of financial markets by using tools and procedures developed to model physical systems [3] [4] [5] [6] [7] [8] [9] [10] , there is the need to characterize the topological arrangement of different stocks traded in a financial markets. Similar information is essential to attempt to model financial markets in terms of nonlinear systems in the presence of external and/or quenched noise.
The motivation of the present study is twofold. The first motivation concerns the search for the kind of topological arrangement which is present between the stocks of a portfolio traded in a financial market. The second motivation is the search of empirical evidence about the existence and nature of common economic factors which drive the time evolution of stock prices.
In the present analysis, I investigate the hierarchical structure present in a portfolio of n stocks traded in a financial market. The observable which is used to detect the topological arrangement of the stocks of a given portfolio is the synchronous correlation coefficient of the daily difference of logarithm of closure price of stocks. The correlation coefficient is computed between all the possible pairs of stocks present in the portfolio in a given time period. In this letter, I report results obtained by investigating the portfolio of the stocks used to compute the Dow Jones industrial average index and the portfolio of stocks used to compute the Standard and Poor's 500 index in the time period from July 1989 to October 1995. Both indices mainly describe the performance of the New York Stock Exchange.
The starting point of my investigation is to quantify the degree of similarity between the synchronous time evolution of a pair of stock price by the correlation coefficient [11] 
where i and j are the numerical labels of stocks, Y i = ln P i (t) − ln P i (t − 1) and P i (t) is the closure price of the stock i at the day t. The statistical average is a temporal average performed on all the trading days of the investigated time period.
For both portfolios, I determine the n × n matrix of correlation coefficients for daily logarithm price differences (which almost coincides with returns). By definition, ρ ij can vary from -1 (completely anti-correlated pair of stocks) to 1 (completely correlated pair of stocks). When ρ ij = 0 the two stocks are uncorrelated.
The matrix of correlation coefficients is a symmetric matrix with ρ ii = 1 in the main diagonal. Hence, in each portfolio, n (n−1)/2 correlation coefficients characterize the matrix
completely. An investigation of the statistical properties of the set of correlation coefficients is published elsewhere [12] . In this letter, I investigate the correlation coefficient matrix to detect the hierarchical organization present inside the stock market. In the search for an appropriate topological arrangement of stocks of a given portfolio, I first look for a metric.
The correlation coefficient of a pair of stocks cannot be used as a distance between the two stocks because it does not fulfill the three axioms that define an Euclidean metric. However a generalized metric can be defined using as distance an appropriate function of the correlation coefficient. The chosen function is The same investigation is repeated for the set of stocks used to compute the Standard and Poor's 500 index. In this case the larger size of the portfolio allows to perform a more refined test of the detected hierarchical structure of stocks. In my analysis, I considered only the companies which were present in the S&P 500 index for the entire period investigated.
With this constrain the portfolio is composed of 443 stocks. Due to the size of the portfolio investigated, the obtained minimal spanning tree cannot be shown in a single figure in a legible way. In Fig. 2, I show some of the parts of the MST which are strongly connected.
A The detection of a hierarchical structure in a broad portfolio of stocks traded in a financial market is consistent with the assumption that the time series of returns of a stock is affected by a number of economic factors. The analysis shows that the number and the relative influence of these factors is specific to each stock. In general, stocks or groups of stocks that depart early from the tree (at high values of the distance d(i, j)) are mainly controlled by economic factors which are specific to the considered group (for example gold price for the stocks of the group 1 of the tree (see Fig. 3 ) which is composed only by companies involved in gold mining). When departure occurs for (moderately) low values of d, the stocks are affected either by economic factors which are common to all stocks and by other economic factors which are specific to the considered set of stocks. The relative relevance of these factors is quantified by the length of the segment (or segments) observed for each group from one branching to the successive one.
In conclusion, the present study shows that the MST and the associated subdominant ultrametric hierarchical tree, obtained starting from the distance matrix of Eq. (2), selects a topological space for the stocks of a portfolio traded in a financial market which is able to
give an economic meaningful taxonomy. This topology is useful in the theoretical description of financial markets and in the search of economic common factors affecting specific groups of stocks. The topology and the hierarchical structure associated to it, is obtained by using information present in the time series of stock prices only. This result shows that time series of stock prices are carrying valuable (and detectable) economic information. Z  IBM  GT  WX  EK  ALD  BS  UK  DIS  AXP  XON  TX  CHV  CAT  UTX  BA  GM  MO  AA  IP  JPM  MRK  DD  T  MCD  MMM  GE  PG 
